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INTRODUCTION
Environmental problems not only bear a global qualification but also vary according to the development levels of the communities in recent years. Wastes that originate as a natural result of life and waste management are the primary issues to which the communities have been approaching with an understanding of keeping out of sight. Solid wastes emerging from population growth, technological development, industrialization, urbanization, rapidly increasing and differentiating and *Corresponding Author e-posta : zulalturkoglu@gazi.edu.tr differentiating consumption are one of the important environmental problems due to their negative effects on environment and human health. These problems have required the approach of evaluating the solid wastes in terms of environment and human health. Today, solid wastes became an issue needed to be managed while they were resources needed to be reevaluated. Solid waste management that is one of the approaches brought to solve the problems arising from the solid wastes is defined as a system developed for supporting a production with less wastes, recovery of solid wastes for raw materials or other purposes and application of disposal principles as not to damage earth, air, water environment and living creatures. In this study, solid waste management and related concepts are generally included and it's tried to present what the issue is and it's evaluated how solid wastes are managed in Turkey and EU countries and what the problems are using the data from EU countries. Two models are proposed in the study where waste and environmental data of the countries for seven years (2006) (2007) (2008) (2009) (2010) (2011) (2012) are evaluated: In first model, performance of the countries has been examined in terms of environment. In this model, waste management according to the waste categories, waste generation excluding the important mineral wastes and municipal waste generation are used as inputs and municipal waste recycle ratio, packaging wastes recycle ratio and packaging waste recovery ratios are used as outputs. In the second model, performance of the countries has been examined in economic terms. In this model, public sector environmental investment amount and environmental protection expenditures are used as inputs and municipal waste recycle ratio, packaging wastes recycle ratio and packaging waste recovery ratios are used as outputs.
EUROPEAN UNION AND SOLID WASTE
MANAGEMENT EU policies regarding the conservation of environment and natural sources gained increasingly importance after 1980s. While protection of the environment is brought to European and international level, particularly pollution problems became significant in environment policy during the expansion process of EU. 6 principles are determined to make the sustainable development one of the objectives of European Community in Amsterdam Treaty. These are, complementarity, high level protection, reserve, prevention, prevention at the source and polluter pays principles. Solid waste management is a sustainable factor based on recovery and efficient usage of the sources. It became necessary to follow the goals of reduction of waste generation, re-use and increase of recycle, controlled storage of non-utilizable wastes, establishment of a good relationship between solid waste management industries and ensuring environmental efficiency for the continuity of solid waste management in line with the sustainable progress.
MATERIAL and METHOD
Study data has been obtained from EUROSTAT. In this study, input and output variables selected for performance assessment are presented in Table 1 . Package program DEAP Version 2.1 (Coelli, 1996) developed by Tim Coelli is used to determine the efficiency in the study. Statistical values for input and output variables are as shown in (Banker et al, 1984) . CCR and BCC models can be classified in two groups; input-oriented and output-oriented. Input-oriented CCR model is expressed as follows: 
Output-oriented BCC model is expressed as follows:
MALMQUIST TOTAL FACTOR
PRODUCTIVITY INDEX When performance of a production unit is measured with CCR model in a given year, frontier deviation in time can not be calculated with DEA as this measured efficiency remains constant. After Sten Malmquist (1953) created amount indexes like ratios of distance functions, Malmquist Productivity Index (MPI) introduced by Caves, Christensen and Diewart (1982) and developed by Fare, Grosskopf, Norris and Zhang (1994) calculates the movement in the frontier. Malmquist productivity index indicates the distance of the inputs under constant technology to the outputs to be obtained in a different time. Without putting any limitation on production technology, it makes efficiency measurement via linear programming method for inputs and outputs. Production curve is created for each input and output and production technologies are determined. Determined technology level gives the efficiency ratio. Malmquist productivity index can be defined as follows in graphics: S t and S t+1 are production technologies belonging respectively to t and subsequent t+1. Distance function aims the highest output proportional increase that is possible in the outputs with a certain input amount. In graphic, where x t is data, the highest output amount for y t is y t /Ɵ point on the production frontier. Distance function of observation in (x t , y t ) point based on the output is expressed with (0a/0b) ratio with a value below 1 with regards to distances in y axis. This ratio is the proportionately opposite of Farrell output-oriented technique efficiency criterion measuring how far an observation is away from the efficient production frontier.
x t input can produce the most efficient output in t time for 0b but more input in (t +1) period up to 0e. Therefore, (0b / 0e ) ratio expresses technological change measurement. If this ratio is greater than one unit, this expresses the technological development.
Thus, technological change:
is expressed with its equality. An important advantage of distance function is that it provides a suitable way to define more than one input and more than one output production technology without the necessity of stating the functional forms like cost minimization and profit maximization (Kaneko and Managi, 2004) . For productivity change between t and t+1 periods, Malmquist Productivity Index is defined as follows for relative technology level in t period (Caves, Christensen, Diewert, 1982) .
Relative productivity change in technology in t+1 period can be formed as follows:
Fare et al (1994) proposed Malmquist Productivity Index for output-oriented productivity change from t period until t+1 period by taking the average of geometric average of these models.
This index can also be defined as follows: ,y t+1 ) distance functions are calculated under the assumption of variable return to scale in t and t+1 periods. PECH defined as distance function of its own period under variable return to scale indicates the proximity of each production unit to the best unit in its own period. SECH is the ratio of the distance function under the assumption of constant return to scale to the distance function under the assumption of variable return to scale.
The most important feature of Malmquist productivity index is that it explains the efficiency change and technological change for further decomposition of total factor productivity. Figure 2 and Figure 3 shows the average amount of the input variables used in the models. According to the solid waste management performance model based on environment, total factor productivity (TFP) changes of the countries by years are as given in According to the solid waste management performance model based on economy, total factor productivity (TFP) changes of the countries by years are as given in Table 4 . In case it's not possible to implement all these methods, wastes should be subjected first to the energy recovery and then to the disposal process. Through the solid waste management projects that are carefully planned and ensuring contribution, management of the solid wastes, one of the important problems, is a significant tool for elimination of the urban poverty as well as the environmental, economic and social efficiency. There isn't a management model that is valid for all communities and will give the same successful result in solid waste management. Each community needs to develop the best method that is applicable within its own capacity in compliance with the nature of the problem. Development level is related with the economic level, social structure, cultural structure of the country. As the social and cultural structure increases, environmental consciousness of the people will also increase and therefore, damage given to the environment will decrease. In this study, solid waste management performance of Turkey and EU countries is put forward by establishing two different models. When average values are examined by years, according to the solid waste management performance model based on the environment, it's seen that total factor productivity index is greater than 1. When the TFP index of Turkey by years is compared to the average values, it can be concluded that generally Turkey is ahead of other EU countries on this subject. Same comment may be made also for the solid waste management performance model based on the economy. For two models, the best year is in 2011 in terms of the average of solid waste management performance. In solid waste management performance model based on environment, an increase with a ratio of 5,9% occurred in TFP of EU countries. In other words, countries increased their production capabilities in time and increased the level of efficient production frontier and generated more outputs with the same input amount. Turkey showed an increase with a ratio of 3,3% in total factor productivity. In the solid waste management, this means that when waste management according to the waste categories, waste generation excluding the important mineral wastes and municipal waste generation remains the same, an increase occurs in municipal waste recycle ratio, packaging wastes recycle ratio and packaging waste recovery ratios. Technological progress made by Turkey can also be evaluated as the success to reach the efficient frontier. In solid waste management performance model based on economy, an increase with a ratio of 3,3% occurred in TFP of EU countries. Turkey showed an increase with a ratio of 7,9% in total factor productivity. In other words, when the public sector environmental investment and environmental protection expenditures remains the same, an increase occurs in municipal waste recycle ratio, packaging wastes recycle ratio and packaging waste recovery ratios.
APPLICATION

